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Description 

Background of the Invention 

5 This application is a continuation in part of U.S. Serial No. 9233. filed January 30, 1987. 
This invention relates to mutants of Escherichia coli having defective proteases. 
Proteases in E. coli are enzymes which cleave certain proteins to produce lower molecular weight 
products. Such proteases have several functions. For example, they are involved in the destruction of 
abnormal or foreign proteins, protein excretion, protein turnover during starvation, and inactivation of 

10 functional or regulatory proteins. Cheng et al., 254 J. Biol. Chem. 4698, 1979. In addition, proteases play 
critical roles in processing of secretory and membrane proteins, the utilization of exogenous peptides, and 
(from a more practical viewpoint) in the rapid intracellular degradation of cloned foreign peptides expressed 
in E. coli. Swamy et al., 149 J. Bacterid. 1027, 1982. 

Proteases are found in one or more subcellular compartments in E. co[i, including the cytoplasm and 

75 the periplasmic space. The periplasmic space is the region between the inner and outer membranes of E. 
coli . Functionally, proteases in the periplasmic space are defined as those proteases which are present in 
the periplasmic fraction of E. coli prepared by the method of Nossal et al., 241 J. Biol. Chem. 3055. 1966 or 
Neu et a!., 240 J. Biol. Chem. 3685, 1965. Briefly, these methods involve releasing enzymes from the 
periplasmic space by osmotically shocking exponentially growing cells. Swamy et al., supra, describe 

20 finding protease Pi (or III), and Mi, almost exclusively in the periplasmic space; whereas proteases Do and 
Re are found in both this region and in the cytoplasm. Protease III preferentially degrades proteins of 
molecular weight less than 7 kD. 

Mutant strains having a defective protease III have been isolated by Cheng et al. 140 J. Bacterid. 125, 
1979. These were isolated by heavy mutagenesis of E. coli cells and subsequent screening for decreased 

25 enzymatic activity. . 

Summary of the Invention 

In one aspect, the invention features a method of isolating a mutant strain of E. coli, having a defective 

30 periplasmic protease, the method comprising the steps of: mutagenizing an E. coli cell, wherein the cell 
comprises a) an inner and an outer membrane, b) a periplasmic space between the membranes c) a protein 
which in a first state is mobile, being able to move through the outer membrane and enter medium 
surrounding the cell, and in this state is detectable in this medium, and in a second state is not mobile, 
remaining inside the cell and d) a periplasmic protease which converts the protein from the second state to 

35 the' first state in the cell; and selecting a mutant cell which produces a reduced level of the detectable 
protein in the medium compared to an unmutagenized E. coli cell. 

In preferred embodiments, the protein is detected (a) measuring the enzymatic activity of the protein in 
the medium, or (b) detecting reactivity of the protein in the medium with a specific antibody to the protein; 
the selecting step comprises screening a plurality of mutagenized cells by culturing the cells and testing 

40 each resulting culture or colony for a lower level of protein in the medium compared to a culture produced 
from a non-mutagenized cell; the protein comprises a fusion of a first polypeptide chain, which is 
susceptible to proteolysis by the periplasmic protease, and a second polypeptide chain which has a readily 
detectable enzymatic activity and is not proteolysed by the protease; the first polypeptide chain is a portion 
of Tsr; wherein this portion comprises at least 20 amino acids; the second polypeptide chain comprises a 

45 portion of alkaline phosphatase from E. coli; the half-life of the protein in the second state is less than 60 
minutes in a cell having a normal protease, and the half-life is greater than 60 minutes in a cell having a 
defective protease; the protein in the second state is bound to one ceil membrane; and the cell comprises a 
mutation resulting in the cell allowing the protein to move through the outer membrane of the cell. 

In a second aspect the invention features a mutant strain of E. coli having a defective periplasmic 

50 protease isolated according to the above method wherein the periplasmic protease acts on proteins of at 
least 10 kD and is active at sites at least 30 amino acids from the amino terminus of the proteins and has a 
reduced activity, wherein said defective periplasmic protease is encoded by a gene located within 1 minute 
of mutation K4 

In preferred embodiments the strain is isolated by mutagenizing an E. coli cell, wherein the cell 
55 comprises an inner and an outer membrane, a periplasmic space between the membranes, a protein which 
in a first state is mobile, being able to move through the outer membrane and enter medium surrounding 
the cell, the protein in this first state being detectable in the medium, and in a second state is not mobile, 
remaining inside the cell, and a periplasmic protease which converts the protein from the second state to 
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the first state in the cell, and selecting a mutant cell which produces a reduced level of the detectable 
protein in the medium, compared to the non-mutagenized E. coli cell wherein the mutant cell comprises the 
defective periplasmic protease; most preferably the mutant cell is strain K4. 

In a third aspect the invention features an E coli cell having a first mutation in a gene encoding a 
5 periplasmic protease which acts on proteins of at least 10 kD and is active at sites at least 30 amino acids 
from the amino terminus of the proteins wherein said gene is located within 1 minute of mutation K4, and 
the first mutation reduces the level of activity of the periplasmic protease. 

In preferred embodiments the gene is linked by PI transduction to pan or fhuAB (tonA). and is located 
near a map position of four minutes on the E. coli chromosome; the gene is present on the plasmid pKSl2, 
10 contained in deposit 67488; the mutation is a deletion mutation, most preferably it is a deletion of a part of 
degP, even more preferably it is degP41 or degP44. 

In a fourth aspect, the invention features a method for isolating a mutant strain of E coli, having a 
defective periplasmic protease. The method comprises the steps of cloning a gene fragment encoding a 
part of the protease, and deleting the fragment from the E. coli strain. 
75 This invention provides a procedure for isolating mutants having mutations that reduce or prevent 
proteolytic breakdown of proteins in the periplasmic space. The existence of such mutants is particularly 
useful for enhancing the expression of foreign proteins in E. coli, since it is these proteins which are 
frequently degraded in bacterial cells. 

Other features and advantages of the invention will be apparent from the following description of the 
20 preferred embodiments thereof and from the claims. 

Description of the Preferred Embodiments 

The figures will first briefly be described. 

25 

Drawings 

Figure 1 is a diagrammatic representation of the periplasmic region in E. coli and the action of a 
protease on a protein in this region. 
30 Figure 2 is a diagrammatic representation of the appearance of mutant and normal (or wild type) E. coli 
. colonies using one method for detecting protease defective cells. 

Figure 3 is a diagrammatic representation of the location of Tsr and fusion proteins in an E. coli inner 
membrane. 

Figure 4 is a restriction endonuclease map and deletion map of pKSl2 and derivative plasmids. 

35 

Structure 

In general, the method of this invention features detection of cells having defective periplasmic 
proteases by detecting cells which have a decreased ability to secrete a detectable protein. 

40 

Periplasmic protease 

In general, a periplasmic protease is an enzyme which can be found in the region between the inner 
and outer membranes, and/or is present in the periplasmic fraction isolated as described above. This term 
45 also includes proteases found in the membrane fractions of cells. The protease may be present in the 
cytoplasm as well as the periplasm, and may be soluble or attached to one of the membranes. These 
proteases will degrade proteins in the periplasmic fraction, or in the part of the inner or outer membranes 
facing the periplasm. 

Preferably, the protease activity is characterized in that it will cleave a polypeptide chain at a point 
50 greater than about 20 to 30 amino acids from the amino terminus. Thus, for example, it is not simply a 
signal sequence protease which removes a secretory sequence from a polypeptide. In addition, the 
protease preferably acts on proteins of greater than 10 kD, (e.g., Tsr, as described below) and may act on 
small proteins too. 

55 Detectable Protein 

A detectable protein is one which can be readily detected when released from a cell. For example, it 
may have a specific enzymatic activity for which a routine test can be devised, e.g., alkaline phophatase, or 
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it may form a specific antigen which can be detected by use of a labelled or unlabelled antibody, or by 
other chemical or biochemical methods of detecting specific proteins. The protein must not Ipse this 
property in the presence of a periplasmic protease. The protein is normally relatively non-mobile within the 
periplasmic region, that is it can only rarely leave the periplasmic region. However, it is converted by a 
5 periplasmic protease to a mobile form which is able to leave the periplasmic region. 

This protein may be a naturally occuring protein or one formed by recombinant DNA techniques. It may 
be expressed from a cloning vector or from chromosomal DNA. 

Methods 

The general method of the invention features mutagenesis of a cell shown in Rgure 1. Referring to Fig. 
1, cell 10 has an Inner membrane 12 and an outer membrane 14 defining a periplasmic region 16. Within 
this region is a detectable protein 18 having an integral membrane portion 20, and a soluble portion 22 
including a detectable portion 24. Protein 18 is susceptible to proteolysis by periplasmic protease 26 which 
75 cleaves protein 18 Into at least two parts, soluble portion 22' and membrane portion 20', shown at B in Fig. 
. 1. Soluble portion 22' is thus mobilized and able to leave cell 10 via regions 30 In outer membrane 14, 
Regions 30 may be naturally occuring passages in membrane 14, or may be created by mutations within 
the cell, e.g., the mutation In a lipoprotein mutant strain causing the strain to be deficient In membrane 
lipoprotein. Mobile portion 22' retains detectable portion 24 and can be detected as It diffuses into medium 
• 20 25 surrounding cell 10. 

Referring to Fig. 2, mutant strains can be detected by using a plate test. Colonies 50, 52, and 54 of 
potential mutant strains are grown on appropriate media 56 in Petri dish 58 containing chemicals suitable 
,for producing a detectable reaction with detectable portion 24 of mobile or soluble portion 22'. If no 
mutation is present in a gene in the cell affecting periplasmic protease activity then detectable protein 24 is 
25 observed as a large halo 60, shown around colony 54 (a wild-type reaction). If there is a mutation in a 
periplasmic protease gene in the strain then the halo may be reduced as shown in halo 62, or non-existent, 
as shown in colony 50. That is, the mutation affects the ability of protease 26 in Fig. 1 to cleave protein 18 
as shown at B. 

The mutant strains so isolated may have mutations in the structural gene encoding the periplasmic 
30 protease, in a regulatory region, or in a gene controlling expression of the protease. Once isolated, the 
mutation can be mapped, by standard procedures, the gene involved cloned, and further mutations 
constructed by standard techniques, such is in vitro mutagenesis of the cloned DNA, oi' by construction of 
deletion mutants. If a genetic locus Is Involved, i.e., a DNA region encoding more than one structural gene 
affecting periplasmic protease activity, then mutations in genes surrounding the isolated mutation will also 
35 be useful, e.g., mapping up to 1 minute from the original mutation point. 

Example 1: Isolation of Periplasmic Protease Mutants 

Referring to Fig. 3 inner membrane 71 is shown separating periplasmic region 74 and cytoplasm 76. C 

40 represents Tsr which is a protein in E. coli involved in chemotaxis. Tsr has two membrane-spanning 
stretches 70, 72 separating two soluble domains 73, 75, one in the periplasm 74, one in the cytoplasm, 76. 
Manoil et al. 233 Science 1403, (1986). Two gene fusions of alkaline phosphatase and Tsr, encoded by 
plasmids pCM204 and pCM203, were constructed as described in Manoil et al., supra to produce protein 
fusions in which alkaline phosphatase moiety extends Into the periplasmic region. The kanamycin resistance 

45 factor in these plasmids was removed by standard technique, to produce pKSl and pKS3 respectively. 
" These fusions were utilized in the following experiments. In one, D of Fig. 3, alkaline phosphatase 78 is 
fused near to the first membrane-spanning segment 70 (fusion 1) and yields a hybrid protein of about 49 kD 
molecular weight. This protein is membrane bound,, proteolytically stable and Immunoprecipitable with 
antiserum to alkaline phosphatase. Fusion 2, shown as E in the Fig. 3, consists of alkaline phosphatase 78 

50 fused to the end of the large periplasmic domain 73 of Tsr. This fusion produces a hybrid protein of about 
70 kD which is unstable in vivo, exhibiting a half-life of about 15 minutes. As the 70 kD protein is degraded, 
a stable 47 kD polypeptide accumulates which Is immunoprecipitable by antiserum to alkaline phosphatase. 
The 70 kD protein is membrane bound, whilst the 47 kD polypeptide is soluble, and located in the 
periplasmic region. The alkaline phosphatase 78 in the 47 kD polypeptide is enzymatically active. 

55 These Tsr-alkaline phosphatase fusions are carried on a high copy pBR322 derivative conferring 
ampicillin resistance. In order to make strains containing fusions 1 or 2 leaky to alkaline phosphatase, the 
fusions are introduced into a strain having a mutation which eliminates expression of lipoprotein, e.g., 
Ipp5508, Suzuki et al. 167 Mol. Gen. Genet. 1, 1978. Lipoprotein interacts with the outer membrane via 



5 



EP 0 300 035 B1 



covalently attached lipid. This lipid inserts into the bilayer of the outer membrane and is covalently linked to 
the peptidoglycan located in the periplasmic space. In the absence of lipoprotein the outer membrane 
structure is altered and periplasmic proteins are partially released to the surrounding medium. In otherwise 
wild-type cells, about 25% of alkaline phosphatase is released into the medium, compared to less than 1% 
5 for wild type E. coli strains. Such mutants have been described by Lopes et al., 104 J. Bacteriol. 520, 1972, 
and Suzuki et al. supra . 

The two resulting strains are distinguishable after replica plating to Luria broth agar plates containing XP 
(5-bromo-4-chloro-3-indolyl-phosphate, 100-200 ug/ml), a histochemical stain for alkaline phosphatase, 
hydrolysis of which yields a blue product. Cells containing some soluble alkaline phosphatase exhibit a blue 
70 halo around the colony due to diffusion of the polypeptide into the medium. Cells with only membrane- 
bound or non-mobile enzymes have no halo. Fusion 1 -containing colonies produce colonies with a very 
small halo (less than 1 mm), whilst fusion 2-containing colonies produce a distinctly larger halo (approx. 
3mm). 

A strain containing fusion 2 was checked for its ability to produce a halo on XP medium. The strain was 

75 then treated with ethylmethane sulfonate (EMS) or with Tn5 (selecting kanamycin resistance) to cause 
mutations using standard procedures. The surviving colonies were then replica plated onto the above 
described XP media and screened for those which produce a reduced halo, or no halo. 

Colonies having a smaller halo of XP hydrolysis represent colonies having mutations causing either a) a 
reduced proteolysis of the fusion protein, leading to a reduced proportion of alkaline phosphatase activity in 

20 the soluble mobile form, or b) a reduced level of expression of fusion protein, leading to lower total alkaline 
phosphatase activity. Four mutant strains having reduced halos were isolated, and their respective 
mutations named 1-1,4-1 (both from EMS mutagenesis) or K4, K16 (from Tn5 mutagenesis). 

In order to determine if these mutations caused a reduced proteolytic activity the relative amounts of 
alkaline phosphatase activity in the membrane-bound and the soluble form was determined. The above 

25 strains were subjected to a cold osmotic shock procedure to release periplasmic proteins from the cells 
(Neu et al., supra). The shock fluid (periplasm) and cell pellet (membranes and cytoplasm) were separated 
by centrifugation and the alkaline phosphatase activity in each fraction assayed (see Table 1 ). 

The strain expressing Fusion 1 had 90% or more of the alkaline phosphatase activity in the pellet. Cells 
expressing Fusion 2 had only 25% of the alkaline phosphatase .activity in the pellet. The two strains 

30 containing mutations derived from the EMS mutagenesis procedure of cells expressing fusion 2, 1-1 and 4- 
1, had approximately 70% of alkaline phosphatase activity in the pellet. One Tn5 insertion mutant, 
containing mutation K4; -had 90% or greater alkaline phosphatase in the pellet, and another, containing 
mutation K16, had 85% of the alkaline phosphatase in the pellet. These four mutant strains appear to have 
mutations which have altered the proteolytic breakdown of the Tsr-alkaline phosphatase Fusion 2, and thus 

35 the cellular location of alkaline phosphatase. 

Table 1 



Location of Alkaline Phosphatase Activity 


Protease Genotype 


Tsr-Alkaline 


% Alkaline 


% Alkaline Phosphatase 


Half-Life of Protein 


of Host Strain 


Phosphatase 


Phosphatase 


in Periplasm 






Fusion on Plasmid 


in Membrane 






wild-type 


1 


95 


5 




wild-type 


2 


25 


75 


15 minutes 


1-1 


2 


70 


30 


30 minutes 


4-1 


2 


70 


30 


30 minutes 


K4 


2 


95 


5 


>60 minutes 


K16 


2 


85 


15 


>60 minutes 



Proteolysis of Fusion 2 in these mutant strains was assayed directly by pulse labelling the cellular 
proteins with ^^S-methionine. followed by chase with unlabelled methionine for one hour. The Tsr-alkaline 
phosphatase hybrid and its breakdown product were immunoprecipitated with antiserum to alkaline 
55 phosphatase, the polypeptides separated by SDS-polyacrylamide gel electrophoresis, and visualized by 
fluorography. The amount of radioactivity in the hybrid protein and the breakdown product was quantitated 
by cutting the radioactive polypeptides out of the gels, treating them with a tissue solubilizing reagent and 
subjected them to scintillation counting. 
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In strains carrying mutations 1-1 and 4-1 the 70 kD Tsr-alkaline phosphatase hybrid had a half-life 
approximately twice as long (30 minutes) as in wild-type cells (15 minutes) and the 47 kD breakdown 
product accumulated at a slower rate. In strains carrying mutations K4 and K16 there was no detectable 
loss of the 70 kD hybrid or accumulation of the 47 kD product. The proteolytic breakdown of the Tsr- 

5 alkaline phosphatase hybrid is reduced or eliminated in these mutant strains. 

Other proteins were tested as substrates for the mutated periplasmic proteases. These proteins include 
two fusions of maltose-binding protein (MBP) and alkaline phosphatase (with MBP fused to alkaline 
phosphatase at about amino acid 230 or 270 respectively, by the method described by Manoil et al. supra ), 
a ^-lactamase-alkaline phosphatase fusion (Manoil et al., 82 Proc. Natl. Acad. Sci. 8129, 1985). The fusions 

70 were assayed with antibody to alkaline phosphatase. Strains containing mutation K4 stabilize the breakdown 
of all 3 proteins listed above, whilst mutation K16 stabilizes only the Tsr-alkaline phosphatase fusion. The 
K4 mutation also stabilizes two internally deleted MBP proteins, deleted for amino acids 57-145 or 142-150 
(this protein was assayed using an antibody to MBP). 

It has been shown, as described above, that a strain producing a detectable protein is useful for 

75 isolating periplasmic protease mutants. Other strains producing the same or equivalent protein will be 
similarly useful. In order to produce other mutant strains having mutations in the same or different protease 
genes to those already isolated, the above described procedures can simply be repeated. That is, any 
strain which is leaky to periplasmic proteins can be transformed with a vector encoding a protein having 
properties similar to protein fusion 2, mutagenized by any standard technique and the desired mutants 

20 screened for. as described above, or by an equivalent technique. For example, the plasmid in the strain 
having the mutation K4 (strain KS334," which contains the Tsr-alkaline phosphatase fusion 2 encoded by 
pKS3, deposited as described below) may be isolated and used to transform one of the strains described 
by Lopes et al., supra , or Suzuki et al., supra , selecting amplcillin resistance, and used for production of 
protease mutants. 

25 

Use 

The protease genes in which the above mutations are located, and any other genes which are detected 
in future routine experiments can be located genetically by standard mapping procedures. The genes and 

30 their mutations can then be cloned and other mutations created in vitro. These mutated genes can then be 
introduced into any commercially important E. coli strain being used for production of a protein which is 
susceptible to the normal protease activity. The level of protein production should thereby be enhanced. 

For example, useful genetic characterization of the genes controlling periplasmic proteases will involve 
(1) determining the number of loci at which mutations occur, (2) mapping the genes, (3) cloning the genes 

35 into vectors, (4) isolation of null mutations in the genes, and (5) identification of the gene product of each 
locus. To clone the genes, vector libraries of wifd type cells can be made by standard technique. The 
vectors can be introduced into a mutant strain deficient in breakdown of the Tsr-aikaline phosphatase hybrid 
and the resulting strains can be tested for production of alkaline phosphatase halos around colonies 
(indicating that the plasmid has restored breakdown of the Tsr-alkaline phosphatase hybrids). Once the 

40 gene has been cloned, Tn insertions into the plasmid are readily screened for those which inactivate the 
proteolysis function located on the plasmid. Such inactivated genes can then be introduced into any desired 
strain. 

Example 2: Mapping of deg P 

45 

The K4 mutation is referred to as degP4::Tn5, indicating that Tn5 is inserted into the degP gene. 
Since Tn5 has a high frequency of transposition during Hfr matings, a TnIO insertion (having a lower 
frequency of transposition than Tn5), cotransducible by PI phage with deg P 4::Tn5 was isolated by standard 
^ . methods, as described by Davis et al. Advanced Bacterial Genetics, Cold Spring Harbor Laboratory, Cold 
50 Spring Harbor, NY 11724, 1980. This TnIO insertion ( zad-340 ::Tn10) was then mapped as follows, using 
standard procedures. 

zad-340::Tn10 was introduced into Hfr strains by PI transduction. Hfr matings were carried out to 
determine which Hfr*s with particular origins of transfer at different regions of the chromosome can transfer 
the Tet' of TnIO at highest frequency. Those Hfr's with high levels of transfer have the TnIO close to the 
55 origin of transfer. Hfr's (HfrH, generating counterclockwise transfer from 97 minutes, and HfrP4, generating 
clockwise transfer from 7 minutes) which transfer the TnIO at high frequency were used for time of entry 
experiments. Auxotrophic markers near the origin of transfer here selected and the linkage of Tet" to those 
markers determined. 
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Markers which appeared close to the In 10 in Hfr crosses were used in PI transductions (Miller, 
Experiments in Molecular Genetics, Cold Spring Harbor Laboratory. Cold Spring Harbor, N.Y. 1972 ) to 
measure linkage of those markers to degP4 ::Tn5. The results are shown in Table 2. The markers used were 
a) pan. which is a gene involved in pantothenic acid biosynthesis: mutants having a defective pan gene 

5 require this vitamin for growth; and b) fhuAB (tonA) which is a gene involved with an iron transport system 
containing an outer membrane protein which is a receptor for several bacteriophages (T1, T5, and ^80); 
mutants having a defective fhuAB gene are resistant to these phages. These genes are located at 3.4 and 
3.7 minutes on the E. coli chromosome (Bachman, 1983 Linkage Map of E. coli K. Microbiological Reviews 
47: 180. The percent cotransfer of the wild type alleles with Tn5 (encoding Kan") was measured. These 

10 data indicate that degP is located near to the four minutes position on the E. coli map. 

Table 2 



Donor 


Recipient 


% Linkage 


degP4::Tn5 
degP4::Tn5 
degP4::Tn5 


pan 
pan 

fhuAB(tonA) 


19 (19 Pan+) 100 Kan' 
17(16Pan+ 97 Kan' 
74 (132<^80^ 175 Kan' 



Example 3: Cloning of degP 

degP4::Tn5 has two phenotypes: In an lpp-(lipoprotein deficient) mutant and in the presence of pKS3 
(encoding Tsr-AP2 fusion protein) the mutant does not leak alkaline phosphatase (AP) to medium and does 
not exhibit a blue halo on XP medium; In an Ipp- and maip (a mutation which causes constitutive 
expression of genes for utilization of maltose) mutant the degP4 mutant grows very pooriy at 42 • C on rich 
(tryptone-yeast extract) medium. Growth Is poor enough to score DegP- by colony size, or by replica 
plating of colonies. 

' Plasmid libraries were prepared by the method of Groisman et al. 81 Proc. Nat. Acad. Sci. . USA 82 
1480, 1984. The starting vector plasmid was pEG109 (Mud4042::phoA + proC)). Since the presence of phoA 
on this plasmid makes it difficult to assay the DegP phenotype two plasmids, pKS5 and pKS8, (both 
Mud40'42::proAB) were isolated, as described by Groisman, supra . These plasmids were used to produce 
chromosomal libraries. The libraries were Introduced into a AphoA lpp-5508 malT^-1 de3P4::Tn5 (Mu'^) 
strain (KS419), selecting, chloramphenicol resistance (Cam') and growth at 42 'C. Thus, only those bacteria 
having a plasmid encoding Cam' and able to complement the degP mutation will grow. 24 strains that grew 
at 42 'C were isolated. Plasmids were prepared and tested for complementation in KS419. 13 strains 
contained plasmids that complemented KS41 9 for growth at 42 • C. 

As a second check for the presence of the degP gene the plasmids were tested to observe whether 
they will restore proteolysis of Tsr-AP2 in a degP mutant. The pKS3 plasmid (encoding Tsr-AP2) and the 
above described Mud4042 plasmids have different plasmid origins- of replication and are thus compatible 
with each other in bacterial strains. Thus. pKS3 can be introduced into strains having the Mud4042 
plasmids. Three of the Mud4042 plasmids (pKS9, 10 and 11) when tested in degP mutant expressing Tsr- 
AP2, restored AP halos on agar plates. Those three were also tested by osmotic shock and AP assay. All 
three restored degradation of Tsr-AP2 by this assay, as shown in Table 3. 
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Table 3 



nh ffi rTvn<;nm ft 
d&aP 


Plasmid 


Osmotic Shock Alkaline Phosphatase 


(membrane & cytoplasm 




Total Unit 

1 UIOI Willi 


-f 


pKS1{Tsr-AP1) 


96% 


4% 


1695 


+ 


pKS3(Tsr-AP2) 


46 


54 


653 




pKS1(Tsr-AP1) 


93 


7 


1501 




pKS3(Tsr-AP2) 


96 


4 


924 




pKS3(Tsr-AP2) 


94 


6 


471 




pKS5(Mud::proAB) 










pKS3(Tsr-AP2) 


43 


57 


806 




pKS9 (Mud::degP) 










pKS3(Tsr-AP2) 


35 


65 


423 




pKS10(Mud::degP) 










pKS3(Tsr-AP2) 


37 


63 


724 




pKSn (Mud::degP) 









Restriction digests of pKS9, 10 and 11 show that pKS9 and 11 have no Bam HI or Hindlll sites in the 
degP insert, and that pKS10 has one Bam HI and one Hindlll site In the insert; those sites must not be within 
degP since they are not present, in pKS9 and 11. The restriction map of Bam HI and Hindlll sites in 

25 Mud4042 shows that these sites are close to the ends of Mud4042. Consequently, most of the Mud4042 
sequences can be eliminated by subcloning the deg P inserts with Hindlll and Bam HI. pKS9. 10 and 11 all 
contain 2 common Psti fragments (1 .35 kb and 0.95 kb), therefore these three plasmids do contain inserts 
derived from one region of the chromosome. 

Subclones of a Bam HI - Bam HI fragment from pKSIO into pACYC184 were constructed which 

30 complement the degP4 ::Tn5mutation. With the fragment cloned in one orientation (pKS12, Fig. 4) this 
plasmid does not noticeably affect cell growth. In the opposite orientation (pKS13) cell growth is very slow 
in both degP+ and degP- host cells. 

■ Deletions were made on pKS12 by standard procedure, and are shown in Fig. 4. Complementation of 
degP- by these plasmids was assayed by osmotic shock and AP activity; the results are shown in Table 4. 

35 pKS12 and 17 are the only two of these plasmids to complement degP; the other plasmids are deleted for 
at least a part of the degP gene. 

Table 4 



Chromosome 
degP 


Tsr-AP 


Plasmid 


%Alkaline Phosphatase 


Shocked Cells 


Shock Fluid 


+ 


1 


pACYC184 


97 


3 




2 


pACYC184 


34 


66 




1 


PACYC184 


95 


5 




2 


PACYC184 


98 


2 


+ 


2 


pKSl2 


37 


63 




2 


pKSl2 


38 


62 




2 


pKS14 


99 


1 




2 


pKSl5 


95 


5 




2 


pKS16 


88 


12 




2 


pKS17 


37 


63 
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Example 4: Construction of degP Deletion Mutant 

A deletion mutant of pKS12 was constructed and recombined Into the chromosome of E coli. Its 
location was then determined to compare the location of the gene Insert to the location of deg P4::Tn5. 

5 pKSl6 (a APstl-PstI plasmid, shown In Fig. 4) does not complement degP + . This deletion Is contained 
within the degP Insert in pKS12. Therefore, it has homology outside the deletion for recombination Into the 
chromosome. A derivative of pKS12 was constructed in which the two PstI fragments were deleted and a 
selectable marker (Kanamycin resistance) was inserted in their place. This construction entailed digestion of 
pKS12 and pUC-4K (Vierra et al. 19 Gene 259, 1982) with PstI, ligation and transformation into E. coli, 

10 selecting Kan' Cam^ Constructs of pKS12 having a 1.4kb (see Fig. 4) PstI fragment inserted from pUC-4K 
in one of both orientations were taken and used to recombine into the E. coli chromosome as follows, the 
plasmids are termed pKS12 APst-Kan. 

The pKS12 APst-Kan plasmids were transformed into Hfr cells (Thr'*"Pro"^Str®Kan^Cam®) 
selecting Kan 'Cam', Some of these cells may have the plasmid integrated by homologous recombination 

76 into the chromosome of the Hfr strain, near the degP gene. Because only chromosomally integrated 
plasmids can be transferred to recipients in Hfr matings, these integrated plasmids can be identified by 
mating the Hfr cells to recipient F~ cells {Thr'ProAB'Str"^) and selecting Thr+Pro+Kan'Str'. To identify cells 
in which a second recombination has deleted the plasmid sequences and the degP"^ gene and retained the 
degPAPst-Kan gene on the chromosome, a PI transduction was carried out. 50-100 colonies from the Hfr 

20 cross were pooled and grown with PI transducing phage. This phage was used to transduce a degP"^ strain 
KS272 to Kan' and the resulting colonies were screened for Cam®. These cells are the product of a 
recombination event which deletes the degP"^ gene of the host cell and replaces it with the degP deletion 
fragment and the Kan'' gene; other plasmid fragments are also removed. Thus, this Cam* strain is deleted 
for degP, and has a Kan' marker in its place. This process causes the APst-Kan to be recombined into the 

25 chromosome. Two mutations were isolated add termed degP41 and degP44. The Kan' of each mutation 
was mapped by PI transduction, using PI grown on a strain carrying zad-339::Tn10 (80% linked by PI 
transduction to degP). These two mutations show the same linkage to 2ad-339::Tn10 as does degP4::Tn5. 
Thus, the chromosomal insert in pKS12 appears to correspond to the locus of the degP4::Tn5 mutation, and 
contains the degP gene. 

'30 

Deposit 

E. coli strain KS334, containing mutation K4 (having a defective periplasmic protease and containing a 
pBR322 plasmid (pKS3) having the alkaline phosphatase-Tsr fusion 2) has been deposited with the 
35 American Type Culture Collection (ATCC). and assigned the number 53583. It was deposited on 1/28/87. 

E. coli strain KS440 containing plasmid pKS12 (having DNA encoding the degP gene) has been 
deposited with the ATCC and assigned the number 67488. It was deposited on August 4, 1987. 

Applicants' assignee, President and Fellows of Harvard College, acknowledge their responsibility to 
replace these cultures should they die before the end of the term of a patent issued hereon, 5 years after 
40 the last request for a culture, or 30 years, whichever is the longer, and their responsibility to notify the 
depository of the issuance of such a patent, at which time the deposit will be made available to the public. 
Until that time the deposit will be made available to theCommissioner of Patents under the terms of 37 CFR 
Section 1-14 and 35 USC Section 112. 

Other embodiments are within the following claims. 

45 

Claims 

1. A method of isolating a mutant strain of Escherichia coli having a defective periplasmic protease, said 
method comprising the steps of: 
50 mutagenizing an E. coli cell, wherein said cell comprises: 

a) an inner and an outer membrane, 

b) a periplasmic space between said membranes. 

c) a protein which in a first state is mobile, being able to move through said outer membrane and 
enter medium surrounding said cell, and in a second state is not mobile, remaining inside said cell, 

55 said protein in said first state being detectable in said medium, and 

d) a periplasmic protease which converts said protein from said second state to said first state in 
said cell, and 

selecting a mutant cell which produces a reduced level of said detectable protein in said medium 
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compared to said E. coli cell. 

The method of claim 1 wherein said protein is detected by (a) measuring the enzymatic activity of said 
protein In said medium, or (b) detecting reactivity of said protein in said medium with a specific 
antibody to said protein. 

The method of claim 1 wherein said selecting step comprises screening a plurality of said mutagenized 
cells by cutturing said cells and testing each resulting culture or colony for a lower level of said protein 
in said medium compared to a culture produced from a non-mutagenized cell. 

4. The rhethod of claim 1 wherein said protein comprises a fusion of a first polypeptide chain which is 
susceptible to proteolysis by said periplasmic protease, and a second polypeptide chain which has a 
readily detectable enzymatic activity and is not proteolysed by said protease. 

15 5. The method of claim 4 wherein said first polypeptide chain is a portion of Tsr; wherein said portion 
comprises at least 20 amino acids of said Tsr. 

6. The method of claim 4 wherein said second polypeptide chain« comprises a portion of alkaline 
phosphatase from E. coli. 

20 

7. The method of claim 1 wherein said protein in said second state has a half-life of less than 60 minutes 
in sard cell having a normal periplasmic protease and said half-life is greater than 60 minutes in said 
cell having a defective protease. 

. 25 8. The method of claim 1 wherein said protein in said second state is bound to one cell membrane, 

9. The method of claim 1 wherein said cell comprises a mutation resulting in said cell allowing said 
' protein to move through said outer membrane. 

30 10. A mutant strain of E. coli having a defective periplasmic protease isolated according to the method of 
any of clainris 1 to 9 wherein the periplasmic protease acts on proteins of at least 10 kD and is active at 
sites at least 30 amino acids from the amino terminus of the proteins and has a reduced activity, 
wherein said defective periplasmic protease is encoded by a gene located within 1 minute of mutation 
K4. 



35 



11. The strain of claim 10 wherein said mutant strain is strain ATCC 53583 



12. An E. coli cell having a first mutation in a gene encoding a periplasmic protease which acts on proteins 
of at least 10 kD and is active at sites at least 30 amino acids from the amino terminus of the proteins 

40 wherein said gene is located within 1 minute of mutation K4, and the first mutation reduces the level of 
activity of the periplasmic protease. 

13. The method of claim 1 wherein said protein in said second state has a half-life of less than 60 minutes 
in said cell having a normal periplasmic protease said half-life in said cell having a defective protease is 

45 greater than said half-life in said cell with a normal protease. 

14. The cell of claim 12 wherein said gene is linked by PI transduction to pan or fhuAB (ton A). 

15. The cell of claim 12 wherein said gene is located near a map position of four minutes on the E. coli 
50 chromosome. 

16. The cell of claim 12 wherein said gene is present on the plasmid pKS12, contained in deposit ATCC 
67488. 

55 17. The cell of claim 12 wherein said mutation is a deletion mutation. 

18. The cell of claim 17 wherein said mutation is a deletion of a part of degP. 
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19, The cell of claim 18 wherein said mutation is degP41 or degP44. 



Patentanspriiche 

5 1. Verfahren zur Isolation eines mutanten Stammes von Escherichia coll . das eine defekte periplasm I sche 
Protease aufweist. mit den Verfahrensschritten: 

es wird eine E. coli-Zelle mutagenisiert, wobei die Zelle aufweist: 

a) eine innere und eine SuBere Membrane, 

b) einen periplasmischen Zwischenraum zwischen den Membranen, 

10 c) ein Protein, das in einem ersten Zustand beweglich ist, sich durch die auBere Membrane 

hindurchbewegen kann und in das die Zelle umgebene Medium eintreten kann und das in einem 
zweiten Zustand nicht bewegiich ist und innerhalb der Zelle bleibt, wobei das Protein in dem ersten 
Zustand in dem Medium nachweisbar ist, und 

d) eine periplasmische Protease, die das Protein innerhalb der Zelle aus dem zweiten Zustand in 
75 den ersten Zustand umwandelt, und 

es wird eine mutierten Zelle selektiert,, die das in dem Medium nachweisbare Protein in einem 
geringeren MaBe produziert, verglichen mit der E. coli-Zelle. 

2. Verfahren nach Anspruch 1, bei dem das Protein nachgewiesen wird, indem (a) die enzymatische 
20 Aktivitat des Proteins in dem Medium gemessen Oder (b) die Reaktivitat des Proteins in dem Medium 

mit einem fur das Protein spezifischen Antikorper ermittelt wird. 

3. Verfahren nach Anspruch 1 , bei dem der Schritt des Selektierens das Screening einer Vielzahl von 
mutagenisierten, durch Kultivieren der Zellen und Testen der erhaltenen Kultur Oder Kolonie auf ein 

25 geringeres MaB des Proteins in dem Medium umfaBt, verglichen mit einer Kultur, die aus nicht nicht- 
mutagenisierten Zelle hergestellt ist. 

4. Verfahren nach Anspruch 1 , bei dem das Protein eine Verschmelzung einer ersten Polypeptidkette, die 
gegenuber einer Proteolyse durch die periplasmische Protease empfindlich ist, mit einer zweiten 

30 Polypeptidkette umfaBt, die eine leicht erkennbare enzymatische Aktivitat aufweist und durch die 
Protease nicht proteolysiert wird. 

5. Verfahren nach Anspruch 4, bei dem die erste Polypeptidkette ein Teil von Tsr ist, wobei dieser Teil 
wenigstens 20 Aminosauren von Tsr enthalt. 

35 

6. Verfahren nach Anspruch 4, bei dem die zweite Polypeptidkette einen Teil der alkalischen Phosphatase 
von E. coH enthSlt. 

7. Verfahren nach Anspruch 1, bei dem das Protein in dem zweiten Zustand innerhalb einer Zelle mit 
40 einer normalen periplasmischen Protease eine Halbwertzeit von weniger als 60 Minuten aufweist und 

die Haltwertzeit in der Zelle mit der defekten Protease groBer als 60 Minuten ist. 

8. Verfahren nach Anspruch 1 , bei dem das Protein in dem zweiten Zustand an eine der Zellmembranen 
gebunden ist. 

45 

9. Verfahren nach Anspruch 1 , bei dem die Zelle eine in der Zelle resultierende Mutation aufweist. die es 
dem Protein ermoglicht, durch die auBere Membran hindurchzugelangen. 

10. Mutanter Stamm von E. coli mit einer defekten periplasmischen Protease, der nach dem Verfahren 
50 nach einem der Anspruche 1 bis 9 isoliert ist, wobei die periplasmische Protease auf Proteine mit 

wenigstens 10 kD wirkt und an Stellen wirksam ist, die wenigstens 30 Aminosauren von dem 
Aminoende der Proteine entfernt liegen, und das eine verminderte Aktivitat aufweist, wobei die defekte 
periplasmische Protease durch ein Gen codiert ist, das innerhalb der 1 Minute der Mutation K4 
lokalisiert ist. 

55 

11. Stamm nach Anspruch 10, bei dem der mutante Stamm der Stamm ATCC 53583 ist. 
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12. E. coli-Zelle, die eine erste Mutation in einem Gen enthatt. das fUr eine periplasmische Protease 
codiert, die auf Proteine mit wenigstens 10 kD wirkt und an Stellen wirsam ist. die wenigstens 30 
Anninos^uren in dem Aminoende der Proteine entfernt sind. wobei das Gen In der 1 Minute der 
Mutation K4 lokalisiert ist und die erste Mutation das AktivitatsmaB der peri plasm ischen Protease 

5 vermindert. 

13. Verfahren nach Anspruch 1, bei dem das Protein in dem ersten Zustand innerhalb der Zelle mit einer 
normalen periplasmischen Protease eine Halbwertzert von weniger als 60 Minuten aufweist und die 
Halbwertzeit in der Zelle mit einer defekten Protease groBer als die Halbwertzeit in der Zelle mit einer 

10 normalen Protease ist, 

14. Zelle nach Anspruch 12. bei der das Gen durch PI Transduktion an pan Oder fhuAB (tonA) angekoppelt 
ist. 

15 15. Zelle nach Anspruch 12. bei der das Gen in der Nahe einer Kartenposition von vier Minuten auf dem E 
coli-Chromosom lokalisiert ist. 

16. Zelle nach Anspruch 12, bei der das Gen auf dem Plasmid pKS12, das in der Hinterlegung ATCC 
67488 enthalten ist. vorliegt. 

20 

17. Zelle nach Anspruch 12, bei der die Mutation eine Delettonsmutation Ist. 

18. Zelle nach Anspruch 17, bei der die Mutation eine Deletion eines Teils von degP ist. 

25 19. Zelle nach Anspruch 18, bei der die Mutation degP41 oder degP44. ist. . , . ^ . 
Revendications 

1. Proced§ permettant d'isoler une souche mutante d' Escherichia coii contenant une protease p^riplasmi- 
que defectueuse, ladite m^thode comprenant les Stapes consistant k : 
provoquer une mutagenese d'une cellule E. coll . ladite cellule comprenant: 

a) une membrane interne et une membrane externe, 

b) un espace periplasmique entre lesdites membranes, 

c) une proteine qui, dans un 6tat premier, est mobile, et capable de traverser ladite membrane 
externe et de.p6n6trer dans le milieu entourant ladite cellule, et dans un ^tat second, est immobile 
et demeure ^ rinterieur de ladite cellule, ladite proteine §tant detectable dans ledit milieu lorsqu'elle 
est dans son 6tat premier, et 

d) une protease periplasmique qui am§ne ladite proteine dans ladite cellule de I'^tat second h ViXaX 
premier, et 

choisir une cellule mutante qui produit une quantity r^duite de ladite proteine detectable dans tedit 
milieu compare a ladite cellule E. coli . 

2. Precede selon ia revendication 1 , dans tequel ladite proteine est d6tect6e en (a) mesurant I 'activity 
enzymatique de ladite prot§ine dans ledit milieu, ou (b) d^tectant la reactivlte de ladite proteine dans 

45 ledit milieu avec un anticorps specif ique dirig§ contre ladite proteine. 

3. Precede selon la revendication 1. dans lequel ladite etape de selection comprend le criblage d'une 
plurality de cellules ayant subi une mutagenese, lequel est realise en cultlvant lesdites cellules puis en 
determinant par des tests successifs laquelle des cultures ou colonies resultantes produit une quantite 

50 interieure de ladite proteine dans ledit milieu comparee h une culture obtenue k partir d'une cellule non 
mutante. 

4. Precede selon la revendication 1 , dans lequel ladite proteine comprend la fusion d'une premiere chaTne 
polypeptidique susceptible d'etre lysee par ladite protease periplasmique et d'une seconde chaTne 

55 polypeptidique qui presente une activite enzymatique facilement detectable et qui n'est pas lysee par 
ladite protease. 
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5. Proc§d§ selon la revendication 4, dans lequel ladite premiere chaTne polypeptidique est une portion de 
Tsr, ladite portion comprenant au moins 20 aminoacides dudit Tsr. 

6. Proc^d^ seton la revendication 4, dans tequel ladite seconde chaTne polypeptidique comprend une 
5 portion de phosphatase alcaline de E. coli . 

7. Precede selon la revendication 1 , dans lequel ladite prot^ine dans ledit ^tat second a une demi-vie de 
moins de 60 minutes dans ladite cellule contenant une protease p^riplasmique normale et ladite demi- 
vie est sup^rieure h 60 minutes dans ladite cellule contenant une protease d^fectueuse. 

8. Proc^d^ selon la revendication 1. dans lequel ladite prot^ine dans ledtt 4tat second est llee k une 
' membrane cellulaire. 

9. Proc^de selon la revendication 1 . dans lequel ladite cellule comprend une mutation de sorte que ladite 
75 cellule permet k ladite prot^ine de traverser ladite membrane externe. 

10. Souche mutante de E. coli contenant une protease p^riplasmique d^fectueuse isol§e selon le proc6d§ 
de Tune quelconque des revendications 1 h 9, caract^ris^e en ce que la protease p§rlplasmique est 
active sur des prot^ines d'au moins 10 kD et est active au niveau de sites situes a au moins 30 

20 aminoacides de I'extr^mit^ amino des prot^ines et pr^sente une activity r^duite, ladite protease 
p^riplasmique d^fectueuse 6tanX codee par un gene situ6 a une minute de la mutation K4. 

11. Souche selon la revendication 10, caracteris^e en ce que ladite souche mutante est une souche ATCC 
53583. 

25 

12. Cellule E. coli presentant une premiere mutation dans le gene codant pour une protease p^riplasmique 
qui est active sur des prot^ines d'au moins 10 kD et est active au niveau de sites situes k au moins 30 
aminoacides de I'extr^mit^ amino des prot^ines. ledit g6ne ^tant situ6 k une minute de la mutation K4 
et la premiere mutation reduisant le niveau d'activite de la protease periplasmique. 

30 

ia Proc^d§ selon la revendication 1, dans lequel ladite proteine dans ledit ^tat second a une demi-vie de 
moins de 60 minutes de ladite cellule contenant une protease periplasmique normale, ladite demivie 
dans ladite cellule contenant une protease d^fectueuse 4tant sup§rieure a ladite demi-vie dans ladite 
cellule a protease normale. 

35 

14. Cellule selon la revendication 12, caracterisee en ce que ledit gfene est li§ par une transduction P1 a 
pan ou fhuAB (tonA). 

15. Cellule selon la revendication 12. caracterisee en ce que ledit g§ne est situ6 sur la carte 4 minutes sur 
40 . - le chromosome d' E. coli . 

16. Cellule selon la revendication 12, caracterisee en ce que ledit g§ne est present sur le plasmide pKSl2, 
contenu dans le d^pot ATCC 67488. 

45 17. Cellule selon la revendication 12, caracterisee en ce que ladite mutation est une mutation de deletion. 

18. Cellule selon la revendication 17, caracterisee en ce que ladite mutation est une deletion d'une partie 
de degP. 

50 19. Cellule selon la revendication 18, caracterisee en ce que ladite mutation est degP41 ou degP.44. 
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